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Clinical PerspectiveWhat Is New?Left ventricular (LV) involvement on cardiac magnetic resonance is present in two thirds of patients with a diagnosis of arrhythmogenic right ventricular cardiomyopathy (ARVC), according to the 2010 International Task Force diagnostic criteria.The ARVC‐LV phenotype is characterized in all cases by a subepicardial/midmyocardial fibrosis/late gadolinium enhancement, with or without LV systolic dysfunction.Clinical and cardiac magnetic resonance features allow differential diagnosis between ARVC‐ and dilated cardiomyopathy‐LV phenotypes; the most distinctive features of ARVC‐LV phenotype were the low QRS voltages on the ECG and the extensive amount of LV myocardial fibrosis/late gadolinium enhancement, which was directly related to the LV systolic dysfunction.What Are the Clinical Implications?The remodeling pattern of "hypokinetic, non‐dilated, and fibrotic" LV is more consistent with the ARVC‐LV phenotype than with that of dilated cardiomyopathy.The large fibro‐fatty myocardial replacement of LV myocardium accounts for the low QRS voltages on the ECG and may act as a substrate for life‐threatening ventricular arrhythmias.Unlike dilated cardiomyopathy, in ARVC patients with a large amount of LV myocardial fibrosis, the implantation of a prophylactic cardiac defibrillator may be considered even if the LV systolic function is not severely depressed.

Introduction {#jah34883-sec-0008}
============

According to its original descriptions, the classical disease phenotype of arrhythmogenic right ventricular cardiomyopathy (ARVC) is characterized by early and predominant right ventricular (RV) involvement, with no or mild left ventricular (LV) disease.[1](#jah34883-bib-0001){ref-type="ref"}, [2](#jah34883-bib-0002){ref-type="ref"} From the original view of natural history of ARVC, the LV involvement was considered the result of disease progression, occurring late and in association with advanced RV disease.[3](#jah34883-bib-0003){ref-type="ref"}, [4](#jah34883-bib-0004){ref-type="ref"} Subsequent studies based on autopsy investigation, genotype‐phenotype correlations, and the increasing use of cardiac magnetic resonance (CMR) showed that the LV involvement is common, often occurs earlier than initially thought, and may have a distinctive genetic background.[5](#jah34883-bib-0005){ref-type="ref"}, [6](#jah34883-bib-0006){ref-type="ref"}, [7](#jah34883-bib-0007){ref-type="ref"}, [8](#jah34883-bib-0008){ref-type="ref"}, [9](#jah34883-bib-0009){ref-type="ref"} The increasing recognition of biventricular and left dominant phenotypic variants led to the concept that ARVC is a disease involving the myocardium of both ventricles.

Although post‐mortem studies showed that LV involvement can be detected in about two thirds of cases of pathologically proven ARVC,[10](#jah34883-bib-0010){ref-type="ref"}, [11](#jah34883-bib-0011){ref-type="ref"} the prevalence of LV involvement and morpho‐functional features of the LV phenotype in living patients have not been elucidated. Furthermore, the LV phenotype of ARVC overlaps with that of dilated cardiomyopathy (DCM), making differential diagnosis challenging. The distinction between the 2 LV phenotypes is clinically relevant for patient management. In patients affected by left‐sided ARVC therapy is focused on life‐threatening ventricular arrhythmias and prevention of sudden cardiac death (SCD), which can occur as first manifestation of the disease, while treatment of patients with DCM is aimed at relieving heart failure symptoms and improving exercise capacity and outcomes. Criteria for differentiating LV phenotypes of these 2 conditions have not been established.

Because there are not defined criteria for diagnosing left‐sided ARVC variant, in the present study we assessed the prevalence of LV involvement and the clinico‐imaging features of LV phenotype in a cohort of ARVC patients fulfilling the 2010 International Task Force (ITF) diagnostic criteria,[12](#jah34883-bib-0012){ref-type="ref"} which currently represent the only available "gold standard" for the disease diagnosis.

In addition, the study aimed to identify the clinical, electrocardiographic, and CMR features, which could help in differentiating LV phenotype of ARVC from that of DCM.

Methods {#jah34883-sec-0009}
=======

Study Population {#jah34883-sec-0010}
----------------

The data, analytic methods, and study materials will be available to other researchers for purposes of reproducing the results or replicating the procedure on reasonable request.

This observational, single‐center study included 2 consecutive series of patients: the ARVC group (n=87) and the DCM group (n=153). Patients of both groups were evaluated at the Inherited Arrhythmogenic Cardiomyopathy Unit of University of Padua from September 2012 to January 2018, where they underwent the CMR study, which included tissue characterization with late gadolinium enhancement (LGE), according to a homogeneous protocol of images acquisition.

All patients from the ARVC group fulfilled the 2010 ITF diagnostic criteria.[12](#jah34883-bib-0012){ref-type="ref"} In this group, LV involvement was defined on the basis of CMR demonstration of LV systolic dysfunction, LV LGE, or both.

Dilated cardiomyopathy was defined by the presence of both LV systolic dysfunction and LV dilatation, not explained by abnormal loading conditions or coronary artery disease.[13](#jah34883-bib-0013){ref-type="ref"} Coronary angiography was performed in all DCM patients to exclude an underlying coronary artery disease. Moreover, none of these patients had active myocarditis, congenital heart disease, hypertrophic cardiomyopathy, infiltrative disease, moderate‐to‐severe valvular heart disease, substance abuse, untreated hypertension, or any contraindication to CMR.

All patients underwent a routine cardiovascular evaluation including medical history, 12‐lead ECG, 2D color Doppler echocardiography. Technical equipment, protocols, reference values of each routine investigation have been reported in details elsewhere.[14](#jah34883-bib-0014){ref-type="ref"} Molecular genetic testing was performed in all patients with ARVC and in the subset of DCM patients with clinical evidence of familial disease, according to a previously reported protocol.[15](#jah34883-bib-0015){ref-type="ref"}

Major ventricular arrhythmias were defined as SCD, aborted cardiac arrest because of ventricular fibrillation, and sustained ventricular tachycardia.

The aim of the present investigation was to assess the clinical and imaging features of the LV phenotype of ARVC and their value for differential diagnosis with the LV phenotype of DCM. No analysis combining molecular genetic findings (cardiomyopathy causing‐genes, mutation types, and genotype complexity) and electrical or structural ventricular abnormalities was analyzed because this was not a genotype--phenotype correlation study.

All clinical investigations were conducted according to the principles expressed in the Declaration of Helsinki (2001). The study protocol was approved by the cardiovascular section in‐house Ethics Committee on Human Research of the Padua Province. All patients provided written informed consent before inclusion in the study.

Electrocardiographic Analysis {#jah34883-sec-0011}
-----------------------------

All patients underwent a standard 12‐lead ECG, which were analyzed by 2 observers (R.B., A.Z.), masked to clinical data and CMR findings. Standard measurements included P‐wave abnormalities and PR interval; QRS axis, voltage and duration; ST‐segment and T‐wave abnormalities. Specifically, first degree atrioventricular block was defined as PR interval \>200 ms; low QRS voltages if QRS amplitude was ≤0.5 mV in limb leads, including both negative and positive components; left axis deviation when mean electrical axis of QRS laid in the frontal plane direction was between −30° and −90°; left anterior hemiblock and left bundle branch block (LBBB) as previously recommended[14](#jah34883-bib-0014){ref-type="ref"}; left ventricular hypertrophy was identified by standard Sokolow--Lyon voltage criteria (S~V1~+R~V5\ or\ V6~ ≥3.5 mV); strain pattern was characterized as downsloping convex ST segment with an inverted asymmetric T‐wave opposite to the QRS axis, in the absence of LBBB; and left atrial enlargement when the length of the P wave in lead II was \>120 ms; T‐wave inversion (TWI) when ≥0.1 mV in depth in ≥2 contiguous leads, in the absence of LBBB.[16](#jah34883-bib-0016){ref-type="ref"}

CMR Protocol and Images Analysis {#jah34883-sec-0012}
--------------------------------

CMR images were acquired using a 1.5 T scanner (Magnetom Avanto, Siemens Healthineers, Erlangen, Germany) with ECG‐triggering and phased array coil system. Study protocol, techniques and post‐processing analysis (software CMR,^42^ Circle Cardiovascular Imaging Inc, Calgary, Canada) are described in details in previous works of our group.[17](#jah34883-bib-0017){ref-type="ref"}, [18](#jah34883-bib-0018){ref-type="ref"} LV dilatation and LV systolic dysfunction were defined with reference to age‐ and sex‐related CMR nomograms.[19](#jah34883-bib-0019){ref-type="ref"} In our age‐group of patients, an impaired LV systolic function was defined as an LVEF ≤0.48 for men and 0.50 for women. Regional wall motion abnormalities (WMA) were evaluated by a subjective assessment: for RV regional WMA we considered akinesia, dyskinesia, or dyssynchronous contraction, for LV regional WMA hypokinesia was also included. Fat infiltration was evaluated in the ARVC group, by comparing localizer, cine, T1‐weighted non‐fat‐suppressed Turbo Spin Echo and post‐contrast images, to distinguish the normal epicardial fat from the pathological fibrofatty myocardial replacement.

LGE imaging was performed using 2‐dimensional segmented breath‐held fast low‐angle shot inversion recovery sequences (TE/TR/flip‐angle=3.2 ms/5.2 ms/25°) 10 to 15 minutes after contrast agent intravenous administration (gadobenate dimeglumine; 0.2 mmol/kg of body weight) in the short‐axis views from cardiac base to apex (slice thickness=6 mm, gap=2 mm) and in the long‐axis 2‐, 3‐ and 4‐chamber views; inversion times were adjusted to null normal myocardium using Look‐Locker sequence. To exclude artefacts, images were repeated in 2 separate phase‐encoding directions. Focal fibrosis, as demonstrated by LGE, was qualitatively evaluated in all LV segments according to the American College of Cardiology/American Heart Association 17‐myocardial‐segment model.[20](#jah34883-bib-0020){ref-type="ref"} LGE was deemed present only if appreciable on 2 contiguous or orthogonal slices or another readout direction. Patterns of replacement fibrosis were classified based on previously published criteria[21](#jah34883-bib-0021){ref-type="ref"}: (1) subepicardial; (2) midwall; (3) subendocardial.

Quantification of LGE was then performed by tracing endocardial and epicardial contours in the short axis view, using the full width at half maximum technique, which uses half the maximal signal within the scar as the threshold: the regions of interest were manually drawn around hyperintense myocardium and used to define maximal signal for the full width at half maximum threshold. Blood pool or pericardial partial voluming and artefacts were manually corrected and removed from the regions of interest. Extent of LGE was expressed as a percentage of total LV mass.

All measurements were performed by 2 experienced cardiologists (A.C., M.D.L.), who were masked to patient clinical data. Ambiguous cases were reviewed by a third expert (M.P.M.).

Statistical Analysis {#jah34883-sec-0013}
--------------------

Categorical variables are presented as absolute frequencies with percentages and were compared using Chi‐squared test or the Fisher exact test; continuous variables are presented as median with 25th to 75th percentiles and were compared using the Student *t‐*test or Mann--Whitney *U* test. Simple and multivariable (adjusted for age and sex) linear regression analyses were performed to study the correlation between left ventricular ejection fraction (LVEF) and LV LGE amount in the 2 groups. Receiver operating characteristic analysis and area under the curve were calculated to identify the LV LGE% amount cut‐off value, which discriminates better between the 2 LV phenotypes. Interobserver variability in LV LGE quantification between 2 independent observers was examined in a random sample of 20 patients with LGE and the intraclass correlation coefficient was calculated. A 2‐tailed probability value of 0.05 was considered statistically significant. All analyses were performed using SPSS 25 (SPSS Inc, Chicago, IL).

Results {#jah34883-sec-0014}
=======

Clinical Characteristics of ARVC Patients With LV Involvement {#jah34883-sec-0015}
-------------------------------------------------------------

Baseline characteristics of 87 patients (56% men, median age 34 years) with ARVC are reported in Table [1](#jah34883-tbl-0001){ref-type="table"}. The study population included 59 ARVC‐causing gene‐mutation carriers (68%) with the following gene distribution: *DSP* n=19 (32%); *PKP2* n=24 (41%); *DSG* n=10 (17%); *DSC2* n=2 (3%); *JUP* n=1 (2%); others n=8 (14%). Fifty‐eight (67%) patients (36% men, median age 34 years) showed LV involvement, characterized by LV LGE and LV systolic dysfunction in 41/58 subjects (71%) and LV LGE with preserved LV function in 17/58 (29%).

###### 

Baseline Characteristics of ARVC Population

                                                                  ARVC Patients (n=87)   LV Involvement No (n=29)   LV Involvement Yes (n=58)   *P* Value
  --------------------------------------------------------------- ---------------------- -------------------------- --------------------------- -----------
  Age at diagnosis, y                                             34 (22--47)            36 (25--43)                34 (19--50)                 0.689
  Male sex                                                        56 (64)                20 (69)                    36 (62)                     0.527
  Symptoms                                                                                                                                      
  Chest pain                                                      10 (11)                3 (10)                     7 (12)                      1.00
  Syncope                                                         29 (33)                13 (45)                    16 (28)                     0.108
  Palpitations                                                    13 (15)                1 (3)                      12 (21)                     0.06
  Exertional dyspnea                                              20 (23)                4 (14)                     16 (28)                     0.149
  Family history                                                                                                                                
  Clinical ARVC diagnosis in relatives                            57 (66)                20 (69)                    37 (64)                     0.632
  Family history of SCD                                           22 (25)                10 (35)                    12 (21)                     0.163
  Gene mutation carriers                                          59 (68)                23 (79)                    36 (62)                     0.105
  Arrhythmic history                                                                                                                            
  Atrial fibrillation                                             6 (7)                  1 (3)                      5 (9)                       0.659
  Major ventricular arrhythmias                                   33 (38)                11 (38)                    22 (38)                     1.00
  Electrocardiographic features                                                                                                                 
  First degree atrioventricular block                             6 (7)                  0                          6 (10)                      0.07
  Complete left bundle branch block                               0                      0                          0                           1.00
  LV hypertrophy (Sokolow‐Lyon Index)                             1 (1)                  0                          1 (2)                       0.333
  Left axis deviation                                             8 (9)                  1 (3)                      7 (12)                      0.260
  Left anterior fascicular block                                  5 (6)                  0                          5 (9)                       0.103
  Left atrial enlargement                                         10 (12)                2 (7)                      8 (14)                      0.485
  Strain pattern                                                  1 (1)                  0                          1 (2)                       1.00
  Low QRS voltages in limb leads                                  29 (33)                5 (17)                     24 (41)                     0.024
  TWI in anterolateral leads (V1--V6)                             16 (18)                3 (10)                     13 (22)                     0.243
  TWI in lateral leads (V5--V6±V4, I, aVL)                        24 (28)                3 (10)                     21 (36)                     0.011
  TWI in inferolateral leads (II, III, aVF+V5--V6±V4 or I, aVL)   17 (20)                2 (7)                      15 (26)                     0.032
  CMR findings                                                                                                                                  
  ARVC CMR major TFC                                              58 (67)                19 (66)                    39 (67)                     1.00
  ARVC CMR minor TFC                                              4 (5)                  1 (3)                      3 (5)                       1.00
  RV analysis                                                                                                                                   
  RV EDV, mL/m^2^                                                 106 (94--117)          104 (93--112)              108 (97--118)               0.240
  RV regional WMA                                                 74 (85)                26 (90)                    48 (83)                     0.530
  RVEF, %                                                         45 (38--52)            46 (41--52)                46 (38--51)                 0.324
  RV fat infiltration                                             38 (43)                12 (43)                    26 (47)                     0.703
  RV LGE                                                          48 (55)                13 (45)                    35 (60)                     0.180
  LV analysis                                                                                                                                   
  LV EDV, mL/m^2^                                                 88 (75--100)           79 (74--84)                93 (82--105)                \<0.001
  LV dilatation                                                   24 (28)                2 (7)                      22 (38)                     0.002
  LV regional WMA                                                 44 (51)                0                          44 (51)                     \<0.001
  LVEF, %                                                         53 (46--59)            60 (57--62)                49 (44--54)                 \<0.001
  LV systolic dysfunction                                         41 (47)                0                          41 (71)                     \<0.001
  LV fat infiltration                                             35 (40)                3 (11)                     32 (57)                     \<0.001
  LV LGE                                                          58 (67)                0                          58 (100)                    \<0.001
  LV LGE amount, g                                                ···                    ···                        16.1 (9.3--26.8)            ···
  LV LGE amount, %                                                ···                    ···                        21.8 (12.6--30.9)           ···
  N° segments involved                                            ···                    ···                        7 (6--9)                    ···
  \>6 segments                                                    ···                    ···                        34 (59)                     ···
  LV LGE morphology                                                                                                                             
  Stria                                                           ···                    ···                        54 (93)                     ···
  Spot/patchy                                                     ···                    ···                        6 (11)                      ···
  LV LGE layer                                                                                                                                  
  Subendocardial                                                  ···                    ···                        2 (3)                       ···
  Midmural                                                        ···                    ···                        11 (19)                     ···
  Subepicardial                                                   ···                    ···                        55 (95)                     ···

Values are expressed as number of patients (%) or median (25th and 75th percentiles). ARVC indicates arrhythmogenic right ventricular cardiomyopathy; CMR, cardiovascular magnetic resonance; EDV, end‐diastolic volume; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction; RV, right ventricular; SCD, sudden cardiac death; TFC, Task Force criteria; TWI, T‐wave inversion; WMA, wall motion abnormalities.

There were no statistically significant differences between patients with and without LV involvement with regard to family history, symptoms and previous major arrhythmic events. *DSP* gene mutations were more frequently found among patients with LV involvement (17/58, 29% versus 2/29, 7%; *P*=0.02).

The ECG in patients with LV involvement more frequently showed low QRS voltages in limb leads (24/58, 41% versus 5/29, 17%; *P*=0.02), TWI in either lateral (21/58, 36% versus 3/29, 10%; *P*=0.01) or inferolateral leads (15/58, 26% versus 2/29, 7%; *P*=0.03); no patients had LBBB. A major ventricular arrhythmia occurred in 22/58 patients (38%) and included 11/22 (50%) episodes of sustained ventricular tachycardia.

Cine‐CMR analysis showed LV dilatation in 24/87 (28%), LV systolic dysfunction in 41/87 (47%) and LV WMA in 44/87 (51%). All patients with LV systolic dysfunction showed LV LGE (Figure [1](#jah34883-fig-0001){ref-type="fig"}).

![Classification of the study patients according to LV systolic dysfunction and LV LGE. An overlapping LV phenotype was found in 47% of ARVC patients and 45% of DCM patients who showed both LV systolic dysfunction and LV LGE. ARVC indicates arrhythmogenic right ventricular cardiomyopathy; DCM, dilated cardiomyopathy; LGE, late gadolinium enhancement; LV, left ventricular.](JAH3-9-e014628-g001){#jah34883-fig-0001}

No differences with regard to RV volumes, RVEF and the prevalence of RV WMA, RV LGE and fat infiltration were found on CMR among patients with and without LV involvement (Table [1](#jah34883-tbl-0001){ref-type="table"}).

Clinical Characteristics of DCM Patients {#jah34883-sec-0016}
----------------------------------------

The study population of DCM included 153 patients (69% men, median age 51 years), whose baseline characteristics are reported in Table [2](#jah34883-tbl-0002){ref-type="table"}. A family history for SCD was ascertained in 14/153 (9%) and familial DCM in 22/153 (14%). Among the 22 probands with familial DCM, 7 (32%) showed DCM‐causing gene‐mutation, with the following gene distribution: *TTN* n=2 (29%); *MYH6* n=2 (29%); *ACTN2* n=1 (14%); *TNNT2* n=1 (14%); *LAMA4* n=1 (14%). A major ventricular arrhythmia occurred in 10/153 patients (7%) and included 2 (20%) episodes of sustained ventricular tachycardia. The ECG showed an LV hypertrophy pattern in 32/153 (21%) and an LBBB in 41/153 (27%). Low QRS voltages in limb leads were present in 4/153 (3%), T‐wave inversion in lateral leads in 43 of 112 patients without LBBB (38%), or in inferolateral leads in 6/112 (5%). On CMR, LV LGE was detected in 69/153 patients (45%).

###### 

Baseline Characteristics of DCM Group

                                                                      DCM Patients (n=153)
  ------------------------------------------------------------------- ----------------------------------------------------
  Age at diagnosis, y                                                 51 (41--59)
  Male sex                                                            106 (69)
  Symptoms                                                            
  Chest pain                                                          2 (1)
  Syncope                                                             8 (5)
  Palpitations                                                        40 (26)
  Exertional dyspnea                                                  63 (41)
  Family history                                                      
  Clinical DCM diagnosis in relatives                                 22 (14)
  Family history of SCD                                               14 (9)
  Mutation carriers                                                   7/22 (32)
  Arrhythmic history                                                  
  Atrial fibrillation                                                 25 (16)
  Major ventricular arrhythmias                                       10 (7)
  Electrocardiographic features                                       
  First degree atrioventricular block                                 15 (10)
  Complete left bundle branch block                                   41 (27)
  LV hypertrophy (Sokolow‐Lyon Index)                                 32 (21)
  Left axis deviation                                                 49 (32)
  Left anterior fascicular block                                      31 (20)
  Left atrial enlargement                                             54 (35)
  Strain pattern                                                      26 (17)
  Low QRS voltages in limb leads (\<0.5 mV)                           6 (4)
  TWI in anterolateral leads (V1--V6)                                 14/112 (13)[a](#jah34883-note-0004){ref-type="fn"}
  TWI in lateral leads (V5--V6±V4, I, aVL)                            43/112 (38)[a](#jah34883-note-0004){ref-type="fn"}
  TWI in inferolateral leads (II, III, aVF+\[V5--V6±V4 or I, aVL\])   6/112 (5)[a](#jah34883-note-0004){ref-type="fn"}
  CMR findings                                                        
  RV EDV, mL/m^2^                                                     80 (67--91)
  RVEF, %                                                             54 (41--61)
  LV analysis                                                         
  LV EDV, mL/m^2^                                                     137 (112--171)
  LV dilatation                                                       153 (100)
  LV regional WMA                                                     21 (14)
  LV global WMA                                                       132 (86)
  LVEF, %                                                             29 (22--37)
  LV systolic dysfunction                                             153 (100)
  LV LGE                                                              69 (45)

Values are expressed as number of patients (%) or median (25th and 75th percentiles). CMR indicates cardiovascular magnetic resonance; DCM, dilated cardiomyopathy; EDV, end‐diastolic volume; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction; RV, right ventricular; SCD, sudden cardiac death; TFC, Task Force criteria; TWI, T‐wave inversion; WMA, wall motion abnormalities.

LBBB excluded.

Comparison Between ARVC‐LV Phenotype and DCM {#jah34883-sec-0017}
--------------------------------------------

An overlapping LV phenotype characterized by the combination of LV systolic dysfunction and LV LGE was observed in 41/87 (47%) patients with ARVC and in 69/153 (45%) patients with DCM (Figure [1](#jah34883-fig-0001){ref-type="fig"}). Comparison between the clinical and imaging features of the 2 subgroups is reported in Table [3](#jah34883-tbl-0003){ref-type="table"}. Patients with ARVC‐LV phenotype were younger than patients with that of DCM (39 versus 54 years, *P*\<0.01). Compared with DCM patients, those with ARVC‐LV phenotype more often had familial SCD (9/41, 22% versus 6/69, 9%; *P*=0.05), syncope (11/41, 27% versus 5/69, 7%; *P*\<0.01) and major ventricular arrhythmias (13/41, 32% versus 4/69, 6%; *P*\<0.01). On 12‐lead ECG, low QRS voltages in limb leads (24/41, 59% versus 3/69, 4%; *P*\<0.01) and inferolateral TWI (13/41, 32% versus 3/50, 6%; *P*\<0.01) were significantly more often found in patients with ARVC‐LV phenotype, while an LV hypertrophy pattern (1/41, 2% versus 14/69, 20%; *P*=0.05) and an LBBB (19/69, 28% versus 0%, *P*\<0.01) were more prevalent in DCM patients. Monomorphic sustained ventricular tachycardia with a right bundle branch block (RBBB) morphology of the QRS more frequently occurred in patients with ARVC‐LV phenotype, than in those with DCM (4/41, 10% versus 1/69, 1%; *P*\<0.01).

###### 

Clinical, Electrocardiographic, and Imaging Characteristics of LV‐Phenotypes in ARVC vs DCM Patients

                                                                      ARVC‐LV Phenotype n=41   DCM‐LV Phenotype n=69                               *P* Value
  ------------------------------------------------------------------- ------------------------ --------------------------------------------------- -----------
  Age at diagnosis, y                                                 39 (18--59)              54 (46--61)                                         0.001
  Male sex                                                            28 (68)                  52 (75)                                             0.421
  Symptoms                                                                                                                                         
  Chest pain                                                          5 (12)                   1 (1)                                               0.026
  Syncope                                                             11 (27)                  5 (7)                                               \<0.001
  Palpitations                                                        12 (29)                  16 (23)                                             0.479
  Exertional dyspnea                                                  13 (32)                  22 (32)                                             0.985
  Family history                                                                                                                                   
  Familial cases of SCD                                               9 (22)                   6 (9)                                               0.05
  Arrhythmic history                                                                                                                               
  Atrial fibrillation                                                 5 (12)                   9 (13)                                              0.897
  Major ventricular arrhythmias                                       13 (32)                  4 (6)                                               \<0.001
  Electrocardiographic characteristics                                                                                                             
  First degree atrioventricular block                                 5 (12)                   11 (16)                                             0.590
  Complete left bundle branch block                                   0                        19 (28)                                             \<0.001
  Sokolow‐Lyon Index                                                  1 (2)                    14 (20)                                             0.005
  Left axis deviation                                                 7 (17)                   26 (38)                                             0.023
  Left anterior fascicular block                                      5 (12)                   14 (20)                                             0.277
  Left atrial enlargement                                             6 (15)                   30 (43)                                             0.002
  Strain pattern                                                      1 (2)                    12 (17)                                             0.029
  Low (\<0.5 mV) QRS voltages in limb leads                           24 (59)                  3 (4)                                               \<0.001
  TWI in anterolateral leads (V1--V6)                                 11 (27)                  10/50 (20)[a](#jah34883-note-0006){ref-type="fn"}   0.442
  TWI in lateral leads (V5--V6±V4, I, aVL)                            20 (49)                  25/50 (50)[a](#jah34883-note-0006){ref-type="fn"}   0.908
  TWI in inferolateral leads (II, III, aVF+\[V5--V6±V4 or I, aVL\])   13 (32)                  3/50 (6)[a](#jah34883-note-0006){ref-type="fn"}     0.001
  CMR findings                                                                                                                                     
  LV EDV, mL/m^2^                                                     97 (90--108)             141 (120--175)                                      \<0.001
  LV dilatation                                                       19 (46)                  69 (100)                                            \<0.001
  CMR LV mass, g/m^2^                                                 66 (55--73)              86 (73--110)                                        \<0.001
  LV regional WMA                                                     38 (93)                  10 (15)                                             \<0.001
  LV global WMA                                                       3 (7)                    59 (86)                                             \<0.001
  LVEF, %                                                             46 (41--48)              29 (21--39)                                         \<0.001
  CMR tissue characterization findings                                                                                                             
  LV LGE amount, g                                                    17.2 (12.3--22.5)        11.7 (8.9--15.1)                                    \<0.001
  LV LGE amount, %                                                    24.6 (16.8--33.3)        13.1 (9.8--16.3)                                    \<0.001
  N° segments involved                                                9 (7--11)                5 (4--8)                                            \<0.001
  \>6 segments                                                        32 (78)                  21 (30)                                             \<0.001
  LV LGE morphology                                                                                                                                
  Stria                                                               40 (98)                  57 (82)                                             0.029
  Spot/patchy                                                         6 (15)                   15 (22)                                             0.359
  LV LGE layer                                                                                                                                     
  Subendocardial                                                      1 (2)                    4 (6)                                               0.649
  Midmural                                                            9 (22)                   66 (96)                                             \<0.001
  Subepicardial                                                       40 (98)                  11 (16)                                             \<0.001

Values are expressed as number of patients (%) or median (25th and 75th percentiles). ARVC indicates arrhythmogenic right ventricular cardiomyopathy; CMR, cardiovascular magnetic resonance; DCM, dilated cardiomyopathy; EDV, end‐diastolic volume; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction; RV, right ventricular; SCD, sudden cardiac death; TFC, Task Force criteria; TWI, T‐wave inversion; WMA, wall motion abnormalities.

LBBB excluded.

At CMR evaluation, patients with ARVC‐LV phenotype had lower LV volumes (97 mL/m^2^ versus 141 mL/m^2^, *P*\<0.01) and LV mass (66 g/m^2^ versus 86 g/m^2^, *P*\<0.01) and less depressed LVEF (46% versus 29%, *P*\<0.01) compared with DCM patients. The amount of LV LGE was greater in patients with ARVC‐LV phenotype (24.6% versus 13.1%, *P*\<0.01) (Figure [2](#jah34883-fig-0002){ref-type="fig"}A). The regional distribution of LV LGE differed between the 2 conditions, predominately affecting the inferolateral segments in ARVC versus septal segments in DCM (Figure [3](#jah34883-fig-0003){ref-type="fig"}).

![Amount of LGE in ARVC vs DCM. Box plot showing difference of the amount of LV LGE between ARVC‐ and DCM‐LV phenotype (24.6% vs 13.1%, *P*\<0.01) (**A**). ROC curve showing the ability of LGE percentage in distinguishing the ARVC‐ from DCM‐LV phenotype: the AUC was 0.84 (SE=0.05, 95% CI 0.75--0.93, *P*\<0.01). The best cut‐off value of LGE percentage was 20%, which provided a sensitivity of 68% and a specificity of 100% for diagnosis of ARVC‐LV phenotype (**B**). ARVC indicates arrhythmogenic right ventricular cardiomyopathy; AUC, area under the curve; DCM, dilated cardiomyopathy; LGE, late gadolinium enhancement; LV, left ventricular; ROC, receiver operating characteristic.](JAH3-9-e014628-g002){#jah34883-fig-0002}

![Left ventricular regional and wall layer distribution of LGE in ARVC‐ and DCM‐LV phenotype. Comparison between CMR findings in the subgroup of ARVC (left) and DCM (right) patients with overlapping LV phenotypes (ie, combination of LV systolic dysfunction and LV LGE). Patients with ARVC‐LV phenotype had lower LV volume and mass, less depressed LVEF (not shown) and greater amount of LV LGE (ie, "hypokinetic, non‐dilated and fibrotic left ventricle") compared with DCM patients. LV LGE predominately affected the infero‐lateral segments in ARVC‐LV phenotype and septal segments in DCM. Compared with DCM, in ARVC the LV LGE significantly more often appeared as a stria pattern than a spot/patchy pattern and more frequently affected the subepicardial layers. ARVC indicates arrhythmogenic right ventricular cardiomyopathy; CMR, cardiac magnetic resonance; DCM, dilated cardiomyopathy; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction.](JAH3-9-e014628-g003){#jah34883-fig-0003}

There was a good interobserver agreement in quantification of the extent of LGE (intraclass correlation coefficient=0.85). Compared with DCM, in ARVC‐LV phenotype the LV LGE significantly more often appeared as a stria pattern than a spot/patchy pattern (40/41, 98% versus 57/69, 82%; *P*=0.03). LV LGE more frequently affected the subepicardial layers (40/41, 98% versus 11/69, 16%; *P*\<0.01) in ARVC and the midmural layers in DCM (66/69, 96% versus 9/41, 22%; *P*\<0.01).

According to receiver operating characteristic analysis, the area under the curve of percentage of LV LGE for diagnosis of ARVC was 0.84 (SE=0.05, 95% CI 0.75--0.93, *P*\<0.01) (Figure [2](#jah34883-fig-0002){ref-type="fig"}B). The best cut‐off value of LGE% was 20%, which provided a sensitivity of 68% and a specificity of 100% for diagnosis of ARVC‐LV phenotype.

In ARVC patients, there was a linear correlation between LVEF reduction and extent of LV LGE (expressed as percentage of LV mass) (*r*=−0.63, *P*\<0.01) (Figure [4](#jah34883-fig-0004){ref-type="fig"}A), also after adjustment for age and sex (β=−0.60, 95% CI −0.64 to −0.26, *P*\<0.01). In DCM patients, LV systolic dysfunction and LV LGE were unrelated (*r*=−0.01, *P*=0.94) (Figure [4](#jah34883-fig-0004){ref-type="fig"}B), even after adjustment for age and sex (β=−0.18, 95% CI −0.76 to −0.41, *P*=0.54).

![Relationship between the amount of LV LGE and LVEF. Graphs (regression plot---left, joint plot---right) showing the relationship between the amount of LV LGE and LVEF in ARVC‐ (**A**) and DCM‐LV phenotype (**B**). LGE indicates late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction.](JAH3-9-e014628-g004){#jah34883-fig-0004}

The results of a subanalysis comparing the ARVC‐LV phenotype (median value LVEF 46%, interquartile range 41--48) versus DCM with LVEF \>40% (median value LVEF 43%, interquartile range 41--45) are reported in Table [4](#jah34883-tbl-0004){ref-type="table"}. On 12‐lead ECG, low QRS voltages in limb leads (24/41, 59% versus 1/32, 3%; *P*\<0.01) and TWI were significantly more often found in patients with ARVC‐LV phenotype, while an LV hypertrophy pattern (1/41, 2% versus 7/32, 22%; *P*=0.018) and an LBBB (0% versus 11/32, 34%, *P*\<0.01) were more prevalent in DCM patients. At CMR, ARVC‐LV phenotype had lower LV volumes (97 mL/m^2^ versus 120 mL/m^2^, *P*\<0.01) and LV mass (66 g/m^2^ versus 79 g/m^2^, *P*\<0.01) compared with DCM. The amount of LV LGE was greater in patients with ARVC‐LV phenotype (24.6% versus 10.4%, *P*\<0.01). Compared with DCM, in ARVC‐LV phenotype the LV LGE significantly more often appeared as a stria pattern than a spot/patchy pattern (40/41, 98% versus 27/32, 84%; *P*=0.03). LV LGE more frequently affected the subepicardial layers (40/41, 98% versus 5/32, 16%; *P*\<0.01) in ARVC and the midmural layers in DCM (30/32, 94% versus 9/41, 22%; *P*\<0.01). No linear correlation between LVEF reduction and extent of LV LGE was found in DCM patients with LVEF \>40% (*r*=−0.13, *P*=0.49), even after adjusted for age and sex (β=−0.11, 95% CI −0.36 to −0.16, *P*=0.42).

###### 

Electrocardiographic and Imaging Characteristics of LV‐Phenotypes in ARVC Patients vs DCM Patients With LVEF \>40%

                                                                       ARVC‐LV Phenotype n=41   DCM‐LV Phenotype (LVEF \>40%) n=32                 *P* Value
  -------------------------------------------------------------------- ------------------------ -------------------------------------------------- -----------
  Electrocardiographic characteristics                                                                                                             
  First degree atrioventricular block                                  5 (12)                   4 (13)                                             0.969
  Complete left bundle branch block                                    0                        11 (34)                                            \<0.001
  Sokolow‐Lyon Index                                                   1 (2)                    7 (22)                                             0.018
  Left axis deviation                                                  7 (17)                   10 (31)                                            0.155
  Left anterior fascicular block                                       5 (12)                   6 (19)                                             0.518
  Left atrial enlargement                                              6 (15)                   6 (19)                                             0.638
  Strain pattern                                                       1 (2)                    3 (9)                                              0.313
  Low (\<0.5 mV) QRS voltages in limb leads                            24 (59)                  1 (3)                                              \<0.001
  TWI in anterolateral leads (V1--V6)                                  11 (27)                  2/23 (9)[a](#jah34883-note-0008){ref-type="fn"}    0.043
  TWI in lateral leads (V5--V6±V4, I, aVL)                             20 (49)                  4/23 (17)[a](#jah34883-note-0008){ref-type="fn"}   0.001
  TWI in inferolateral leads (II, III, aVF+\[V5--V6± V4 or I, aVL\])   13 (32)                  2 (6)                                              \<0.001
  CMR findings                                                                                                                                     
  LV EDV, mL/m^2^                                                      97 (90--108)             120 (108--136)                                     \<0.001
  LV dilatation                                                        19 (46)                  32 (100)                                           \<0.001
  CMR LV mass, g/m^2^                                                  66 (55--73)              79 (63--90)                                        0.012
  LV regional WMA                                                      38 (93)                  6 (19)                                             \<0.001
  LV global WMA                                                        3 (7)                    26 (81)                                            \<0.001
  LVEF, %                                                              46 (41--48)              43 (41--45)                                        0.091
  CMR tissue characterization findings                                                                                                             
  LV LGE amount, g                                                     17.2 (12.3--22.5)        7.8 (6.4--13.1)                                    \<0.001
  LV LGE amount, %                                                     24.6 (16.8--33.3)        10.4 (8.3--17.3)                                   \<0.001
  N° segments involved                                                 9 (7--11)                5 (3--7)                                           \<0.001
  \>6 segments                                                         32 (78)                  7 (22)                                             \<0.001
  LV LGE morphology                                                                                                                                
  Stria                                                                40 (98)                  27 (84)                                            0.034
  Spot/patchy                                                          6 (15)                   6 (19)                                             0.574
  LV LGE layer                                                                                                                                     
  Subendocardial                                                       1 (2)                    0                                                  0.956
  Midmural                                                             9 (22)                   30 (94)                                            \<0.001
  Subepicardial                                                        40 (98)                  5 (16)                                             \<0.001

Values are expressed as number of patients (%) or median (25th and 75th percentiles). ARVC indicates arrhythmogenic right ventricular cardiomyopathy; CMR, cardiovascular magnetic resonance; DCM, dilated cardiomyopathy; EDV, end‐diastolic volume; LGE, late gadolinium enhancement; LV, left ventricular; LVEF, left ventricular ejection fraction; RV, right ventricular; SCD, sudden cardiac death; TFC, Task Force criteria; TWI, T‐wave inversion; WMA, wall motion abnormalities.

LBBB excluded.

Discussion {#jah34883-sec-0018}
==========

The present study was designed to assess the prevalence of LV involvement and characterize the clinical and imaging features of LV phenotype in living patients with a diagnosis of ARVC according to the 2010 ITF criteria. Moreover, the study aimed to identify the characteristics of LV phenotype of ARVC which could be useful to obtain a differential diagnosis with the LV phenotype of DCM.

The major results were the following: (1) LV involvement, defined as the evidence of LV systolic dysfunction, non‐ischemic LV LGE, or both, was found in two thirds of ARVC patients; (2) LV systolic dysfunction was always associated with the presence of LV LGE; (3) the ARVC‐LV phenotype was characterized by peculiar electrocardiographic abnormalities and distinctive imaging and tissue characterization findings; (4) tissue characterization by CMR allowed an accurate differential diagnosis between LV phenotype of ARVC and DCM, which mostly relied on different amount of LV LGE and its relationship to the LV systolic dysfunction. Compared with DCM, the LV phenotype of ARVC was characterized by a larger amount of myocardial fibrosis/LGE, which impacted directly and negatively on the LV systolic function.

LV Involvement in ARVC {#jah34883-sec-0019}
----------------------

LV involvement in ARVC was initially reported by pathological studies, which demonstrated fibrofatty replacement in the LV myocardium in up to 76% of ARVC hearts.[3](#jah34883-bib-0003){ref-type="ref"}, [4](#jah34883-bib-0004){ref-type="ref"} A recent post‐mortem pathological study on ARVC decedents reported histopathologic evidence of LV involvement in 87% of cases.[11](#jah34883-bib-0011){ref-type="ref"} The lower prevalence (67%) of LV involvement in our cohort may be explained by the demographic and clinical characteristics of our study population, which consisted of living patients fulfilling the 2010 ITF criteria, which were designed for the diagnosis of RV phenotype and not for that of biventricular phenotype. Moreover, the criteria for LV involvement used in our study were mostly based on post‐contrast CMR images analysis, which may fail to evidence patchy or interstitial myocardial fibrosis.

LV involvement was originally considered an end‐stage complication of ARVC, occurring late during the disease course and leading ultimately to biventricular pump failure. Subsequent genotype‐phenotype correlations studies showed early and greater LV involvement in relation to specific gene defects.[5](#jah34883-bib-0005){ref-type="ref"}, [6](#jah34883-bib-0006){ref-type="ref"} In our study, ARVC patients with LV involvement did not show more severe RV disease. This finding further supports the perspective that LV involvement can occur in early stages of ARVC, independently or concurrently with mild RV involvement. These findings are in keeping with the modern concept that ARVC is a cardiomyopathy affecting both ventricles.

LV Phenotype in ARVC {#jah34883-sec-0020}
--------------------

Our ARVC patients with LV involvement showed typical electrocardiographic abnormalities, such as low QRS voltages in limb leads, and TWI in the leads exploring the inferolateral LV regions. These electrocardiographic abnormalities reflect the replacement of LV myocardial mass by electrically inert fibrofatty tissue, which mostly involves the inferolateral LV regions.[22](#jah34883-bib-0022){ref-type="ref"} In keeping with previous reports, LV involvement in ARVC was more frequently associated with *DSP* gene mutations.[6](#jah34883-bib-0006){ref-type="ref"}, [7](#jah34883-bib-0007){ref-type="ref"} Moreover, one third of patients experienced major ventricular arrhythmias, with sustained ventricular tachycardia with an RBBB morphology accounting for half events.

The CMR imaging findings were consistent with the morpho‐functional pattern of an "hypokinetic, non‐dilated, and fibrotic" LV, ie, a ventricular remodeling characterized by mild systolic dysfunction, mild (or no) dilatation, and large amount of non‐ischemic LGE, with or without fatty infiltration.

The mean LVEF ranged from 44% to 54%, with a median value of 49%; a reduced LVEF was found in 71% of patients. The LV end‐diastolic volume (indexed for body surface area) ranged from 82 to 105 mL/m^2^, with a median value of 93 mL/m^2^. Regional WMA were detected in 76%, and most often involved the inferior and lateral LV segments.

The ARVC‐LV phenotype was characterized by the large extent of myocardial fibrosis as evidenced by CMR, with an estimated amount of LV LGE ranging from 12.6% to 30.9%, median value of 21.8%. All patients with a reduced LVEF showed LV LGE, whose extent was significantly greater than that of patients with a preserved LV systolic function (24.6% versus 5.1%).

In keeping with previous reports,[5](#jah34883-bib-0005){ref-type="ref"}, [6](#jah34883-bib-0006){ref-type="ref"}, [7](#jah34883-bib-0007){ref-type="ref"} in our cohort of ARVC patients the LV myocardial fibrosis was predominantly located in the subepicardial layers (93% of cases), and most often involved specific regions such as the inferior and the inferolateral wall. This finding agrees with the notion that the wave‐front of myocardial loss and fibrofatty replacement in the LV wall proceeds from the epicardium to the endocardium, with scar tissue mostly confined to the outer layers of the wall, similarly to the RV lesions.[23](#jah34883-bib-0023){ref-type="ref"}, [24](#jah34883-bib-0024){ref-type="ref"} The subendocardial layer which mostly accounts for the regional LV wall contractility[25](#jah34883-bib-0025){ref-type="ref"} is usually saved, a finding which explains the preservation of global LV systolic function and the lack of WMA in a sizeable proportion of patients. As a corollary, an imaging approach limited to a mere evaluation of the LV function, either global or regional, by echocardiography or cine‐CMR appears insufficient to detect LV involvement and characterize the LV phenotype in patients with ARVC.[26](#jah34883-bib-0026){ref-type="ref"}

We found an inverse correlation between the LGE extent and LVEF (*r*=−0.63, *P*\<0.01, Figure [4](#jah34883-fig-0004){ref-type="fig"}A), a finding which suggests a cause‐effect relationship between the amount of myocardial loss with fibrofatty replacement and the severity of LV systolic impairment.

Concomitant LV intramyocardial fat was detected in 57% of patients and was mostly located in the same regions of the deposition of LGE. However, our study may have underestimated the prevalence of fatty tissue because of limitations of conventional non‐fat‐suppressed Turbo Spin Echo sequences because of poor contrast of microscopic fat and partial‐volume effects.[27](#jah34883-bib-0027){ref-type="ref"}

Although myocardial fibro‐fatty replacement as evidenced by LGE is the key morphological feature of ARVC, the 2010 ITF diagnostic criteria did not include LGE findings because of concerns about their accuracy and reproducibility. Our study results support the need to revise the ITF diagnostic scoring system for inclusion of CMR myocardial tissue characterization findings among diagnostic criteria for ARVC, because the diagnosis of LV involvement depends on demonstration and quantitation of LGE.

Differential Diagnosis {#jah34883-sec-0021}
----------------------

The LV phenotype of ARVC may overlap with that of DCM because both conditions may show LV systolic dysfunction and myocardial fibrosis. The distinction between the 2 conditions is clinically relevant for risk stratification and treatment. In DCM, the focus with heart failure treatments is on improving quality of life, exercise capacity and outcomes, and the risk from life threatening arrhythmias in the early stages of disease is low. In ARVC, sudden death may be the initial manifestation in the absence of symptoms which limit exercise capacity. Criteria for differentiating these 2 conditions have not been established.

In our study, familial history of SCD, syncopal episodes, electrocardiographic low QRS voltages in limb leads and T‐wave inversion in the inferolateral leads, and major ventricular arrhythmias were more frequently associated with the ARVC‐LV phenotype. Of note, monomorphic sustained ventricular tachycardia with an RBBB QRS morphology was more frequently observed in patients with ARVC‐LV phenotype.

Most important, we identified some differential morpho‐functional features which reflect the different pathobiology of the 2 conditions. The primary mechanism of DCM is the depression of ventricular systolic function attributable to impairment of myocyte contractility, which induces a compensatory LV remodeling characterized by ventricular dilatation (according to the Frank‐Starling law) and eccentric hypertrophy. At variance with DCM, the ARVC‐LV phenotype is characterized by mild hypokinesis and no (or mild) LV dilatation because fibrofatty myocardial replacement is confined to the outer layers of the wall and does not induce a significant reduction of the global LV systolic function. Accordingly, compared with patients with DCM, most of our patients with ARVC‐LV phenotype had a milder depression of LVEF with LV volume and mass within normal values.

Our study results showed that the most important differences between the 2 LV phenotypes rely on LGE extent and regional distribution. In keeping with previous studies, LGE was detected in \<50% of DCM cases[28](#jah34883-bib-0028){ref-type="ref"}, [29](#jah34883-bib-0029){ref-type="ref"}, [30](#jah34883-bib-0030){ref-type="ref"}, [31](#jah34883-bib-0031){ref-type="ref"}; by contrast, 100% of ARVC patients with LV systolic dysfunction showed the presence of LV LGE. The amount of LGE was significantly greater in ARVC‐LV phenotype than in DCM (Figure [2](#jah34883-fig-0002){ref-type="fig"}A): the presence of LV LGE ≥20% of the LV mass, provided a 100% specificity for diagnosis of the ARVC‐LV phenotype. The distribution of LGE also differed between the 2 conditions, predominately affecting mid‐mural septal segments in DCM versus subepicardial inferolateral regions in ARVC‐LV phenotype (Figures [5](#jah34883-fig-0005){ref-type="fig"} and [6](#jah34883-fig-0006){ref-type="fig"}). Unlike ARVC‐LV phenotype, the amount of LV LGE in DCM was unrelated to the severity of LV systolic dysfunction (Figure [4](#jah34883-fig-0004){ref-type="fig"}B). All these findings support the concept that at variance with ARVC‐LV phenotype, LV fibrosis in DCM should be considered an epiphenomenon, unrelated to the mechanism primarily responsible for the myocardial contractile impairment.

![Electrocardiographic, CMR imaging, and histological features of a representative patient with ARVC undergoing cardiac transplantation. Basal ECG showing low voltages in limb leads and flattened T‐waves in the inferolateral leads (**A**). Post‐contrast CMR images in long‐axis (**B**) and short‐axis (**C**) views showing normal LV cavity size and subepicardial LGE (white arrows) involving the LV free wall (boxed area) and septum, from basal to apical regions (white arrows). Histologic examination of the boxed area showing fibro‐fatty myocardial replacement affecting the subepicardial LV layer (Heidenhain trichrome stain) (**D**); close up detailing residual myocytes embedded within fibrous and fatty tissue (E.E stain) (**E**). ARVC indicates arrhythmogenic right ventricular cardiomyopathy; CMR, cardiac magnetic resonance; LGE, late gadolinium enhancement; LV, left ventricular.](JAH3-9-e014628-g005){#jah34883-fig-0005}

![Electrocardiographic, CMR imaging, and histological features of a representative patient with DCM undergoing cardiac transplantation. Basal ECG showing complete left bundle branch block (**A**). Post‐contrast CMR images in long‐axis (**B**) and short‐axis (**C**) view showing a severe dilatation LV cavity and myocardial LGE (black arrows), confined to the anteroseptal region (boxed area). Histologic examination of the boxed area confirming a patchy midmural fibrosis (Heidenhain trichrome stain) (**D**); close up showing dilated myocytes (normal cell count) with dysmetric and dysmorphic nuclei (E.E stain) (**E**). CMR indicates cardiac magnetic resonance; DCM, dilated cardiomyopathy; LGE, late gadolinium enhancement; LV, left ventricular.](JAH3-9-e014628-g006){#jah34883-fig-0006}

To overcome a potential bias towards patients with DCM and severe LVEF depression, we performed a subanalysis comparing electrocardiographic and CMR features of ARVC‐LV phenotype (median value LVEF 46%, interquartile range 41--48) with those in the subgroup of DCM with LVEF \>40% (median value LVEF 43%, interquartile range 41--45). The subanalysis confirmed the significant differences of electrocardiographic alterations and CMR abnormalities between the 2 groups of cardiomyopathies, that were found in the principal analysis. These findings substantiate the concept that the differences in the LV phenotypes are unrelated to the severity of LV systolic dysfunction, representing an intrinsic characteristic of the 2 cardiomyopathies.

In the current guidelines of the European Society of Cardiology, the so‐called "hypokinetic, non‐dilated cardiomyopathy (HNDC)" has been classified as part of the clinical spectrum of DCM and considered as a less expressed disease phenotype.[13](#jah34883-bib-0013){ref-type="ref"} However, the increasing use of CMR for better characterization of the myocardial changes in DCM provided new insights in our understanding of DCM phenotype, showing that HNDC is distinctively characterized by a large, non‐transmural scarring of the LV which scarcely affects the global LV systolic function. According to the result of our study, the LV phenotype of ARVC fits well with that of HNDC, suggesting that a proportion of cardiomyopathies previously deemed as less phenotypically expressed DCM may be re‐classified as biventricular or left‐dominant ARVC.

The ARVC‐LV phenotype is associated with a distinctively higher risk of SCD because myocardial fibrosis may act as a substrate for life‐threatening ventricular arrhythmias. This has significant implications for treatment of ARVC patients with LV involvement, including indication for implantable cardioverter‐defibrillator that, unlike DCM, should be considered in the presence of large ventricular scarring, even if the LV systolic function is not severely impaired.[32](#jah34883-bib-0032){ref-type="ref"}

Study Limitations {#jah34883-sec-0022}
-----------------

Major limitations include the retrospective nature of the study and a possible referral bias because of recruitment of study patients from a tertiary center. T1‐weighted non‐fat‐suppressed Turbo Spin Echo sequences were not performed in DCM patients, because they were not included in the study protocol for DCM in our CMR laboratory. However, none of the DCM patients showed signs of fat infiltration through evaluation of localizer, cine, or post‐contrast images. By study design, we did not address the genetic background and the genotype‐phenotype correlation of ARVC and DCM because the aim of the present investigation was to assess the distinctive clinical and imaging features of ARVC‐related LV phenotype and their value for differential diagnosis with DCM. In addition, a genotype‐phenotype analysis of our study population was not feasible because of the limited number of probands with familial DCM who underwent molecular genotyping. Hence, the relationship of electrocardiographic and CMR features with the specific genetic defects remains unaddressed. Follow‐up data were not provided because they were beyond the scope of our study.

Conclusions {#jah34883-sec-0023}
-----------

LV involvement in ARVC is common and characterized phenotypically by clinical and CMR features which allow differential diagnosis with DCM. The most distinctive feature of ARVC‐LV phenotype was the large amount of LV myocardial fibrosis/LGE, which was directly related to the LV systolic dysfunction. The remodeling pattern of "hypokinetic, non‐dilated, and fibrotic" LV fits better with an ARVC‐LV phenotype than with a phenotypically less expressed DCM. The fibro‐fatty myocardial replacement of a significant proportion of LV musculature accounts for the low QRS voltages on the ECG and acts as a substrate for life‐threatening ventricular arrhythmias. These findings have significant implications for diagnosis, prognosis, and treatment of ARVC.
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